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(57) ABSTRACT 

A method of operating a fabric treatment appliance com 
prises a steam generation step and, after the completion of 
the steam generation step, a draining step comprising drain 
ing liquid remaining in a chamber of the steam generator to 
a tub of the fabric treatment appliance. The steam generator 
in one embodiment can comprise the chamber, an inlet 
con?gured to introduce liquid into the chamber, an outlet 
con?gured to exhaust steam from the chamber, and a drain 
coupling the chamber to the tub and con?gured to drain 
liquid from the chamber to the tub. 
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DRAINING LIQUID FROM A STEAM 
GENERATOR OF A FABRIC TREATMENT 

APPLIANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to draining liquid from a 
steam generator of a fabric treatment appliance. 

[0003] 2. Description of the Related Art 
[0004] Some fabric treatment appliances, such as a Wash 
ing machine, a clothes dryer, and a fabric refreshing or 
revitalizing machine, utiliZe steam generators for various 
reasons. The steam from the steam generator can be used to, 
for example, heat Water, heat a load of fabric items and any 
Water absorbed by the fabric items, deWrinkle fabric items, 
remove odors from fabric items, etc. 

[0005] A common problem associated With steam genera 
tors involves the formation of scale and sludge Within the 
steam generation chamber. Water from a household Water 
supply typically contains dissolved substances, such as 
calcium and magnesium, Which lead to the formation of 
scale and sludge in the steam generation chamber When the 
Water is heated. Scale and sludge are, respectively, hard and 
soft deposits; the hard scale tends to deposit on the inner 
Walls of the steam generation chamber, and residue Water in 
the steam generation chamber carries the soft sludge. For 
mation of scale and sludge can detrimentally a?fect heat 
transfer and ?uid flow and can lead to premature failure of 
the heater. 

SUMMARY OF THE INVENTION 

[0006] A method according to one embodiment of the 
invention of operating a fabric treatment appliance compris 
ing an imperforate tub housing a perforated drum forming a 
fabric treatment chamber and a steam generator having a 
chamber de?ning an internal volume comprises a steam 
generation step comprising: introducing liquid into the 
chamber of the steam generator; heating the liquid in the 
chamber to create steam; and introducing the steam into at 
least one of the tub and drum; and, after the completion of 
the steam generation step, a draining step comprising drain 
ing liquid remaining in the chamber to the tub. 
[0007] The draining of the remaining liquid can comprise 
draining the remaining liquid to a rear portion of the tub. 
[0008] The draining of the remaining liquid can comprise 
draining the remaining liquid by gravity. 
[0009] The draining of the remaining liquid can comprise 
draining the remaining liquid to a sump portion of the tub. 
The draining of the remaining liquid can comprise bypassing 
the drum. 

[0010] The draining of the liquid can comprise ?ushing 
the chamber by introducing a volume of liquid into the 
chamber greater than the internal volume. The introducing 
of the liquid during the steam generation step can comprise 
introducing the liquid at a ?rst ?oW rate, and the introducing 
of the liquid during the ?ushing of the chamber can comprise 
introducing the liquid at a second ?oW rate greater than the 
?rst ?oW rate. The method can further comprise heating the 
chamber to a predetermined temperature greater than a 
liquid to a steam phase transformation temperature prior to 
the ?ushing of the chamber. The liquid introduced into the 
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chamber during the ?ushing the chamber can be cold liquid. 
The cold liquid can be liquid from a cold Water supply of a 
household Water supply. 
[0011] The draining step can occur folloWing at least one 
of a Wash step, a rinse step, a spin step, a drying step, a 
revitaliZation step, and a manual user drain command. 
[0012] A fabric treatment appliance according to one 
embodiment of the invention comprises an imperforate tub 
housing a perforated drum forming a fabric treatment cham 
ber; and a steam generator comprising: a chamber; an inlet 
con?gured to introduce liquid into the chamber; an outlet 
con?gured to exhaust steam from the chamber; and a drain 
coupling the chamber to the tub and con?gured to drain 
liquid from the chamber to the tub. 
[0013] The outlet and the drain can comprise separate 
openings. The outlet and the drain can comprise separate 
conduits coupled to the openings. 
[0014] The drain can be coupled to a rear portion of the 
tub. 
[0015] The drain can ?uidly couple the chamber to a sump 
portion of the tub and can bypass the drum. 
[0016] The steam generator can be disposed above a 
connection betWeen the drain and the tub. The steam gen 
erator can be disposed above the tub. The drain can be 
coupled to a rear portion of the tub. 
[0017] The steam generator can further comprise a liquid 
outlet con?gured to supply liquid from the chamber to the 
drum. 
[0018] The steam generator can be a tank-type steam 
generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] In the draWings: 
[0020] FIG. 1 is a schematic vieW of a steam Washing 
machine according to one embodiment of the invention. 
[0021] FIG. 2 is a schematic vieW of a ?rst embodiment 
steam generator according to one embodiment of the inven 
tion for use With the Washing machine of FIG. 1. 
[0022] FIG. 3 is a How chart of a method of operating the 
steam Washing machine of FIG. 1 according to one embodi 
ment of the invention, Wherein the method comprises a 
steam generation step and a steam generator cleaning step. 
[0023] FIG. 4 is a How chart of an exemplary execution of 
the steam generation step of the method of FIG. 3. 
[0024] FIG. 5 is a How chart of an exemplary execution of 
an overheat protection step of the method of FIG. 3. 
[0025] FIG. 6 is a How chart of a ?rst exemplary execution 
of the steam generator cleaning step of the method of FIG. 
3. 
[0026] FIG. 7 is a How chart of a second exemplary 
execution of the steam generator cleaning step of the method 
of FIG. 3. 
[0027] FIG. 8 is a schematic vieW of a second embodiment 
steam generator according to one embodiment of the inven 
tion for use With the Washing machine of FIG. 1. 
[0028] FIG. 9 is a schematic vieW of the steam Washing 
machine of FIG. 1 With a third embodiment steam generator 
according to one embodiment of the invention. 
[0029] FIG. 10 is a schematic vieW of the third embodi 
ment steam generator from FIG. 9. 
[0030] FIG. 11 is an enlarged vieW of an area labeled XI 
in FIG. 9 and shoWing optional locations for a ?lter in a 
Water supply line upstream from the steam generator. 
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[0031] FIG. 12 is a vieW similar to FIG. 11 illustrating an 
alternative Water supply line With the ?lter. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0032] To address the problems of scales and sludge, the 
invention provides methods and structures for preventing 
formation of and/or removing scale and sludge from a steam 
generator of a fabric treatment appliance. The fabric treat 
ment appliance can be any machine that treats fabrics, and 
examples of the fabric treatment appliance include, but are 
not limited to, a Washing machine, including top-loading, 
front-loading, vertical axis, and horiZontal axis Washing 
machines; a dryer, such as a tumble dryer or a stationary 
dryer, including top-loading dryers and front-loading dryers; 
a combination Washing machine and dryer; a tumbling or 
stationary refreshing machine; an extractor; a non-aqueous 
Washing apparatus; and a revitaliZing machine. For illustra 
tive purposes, the invention Will be described With respect to 
a Washing machine, With it being understood that the inven 
tion can be adapted for use With any type of fabric treatment 
appliance having a steam generator. 
[0033] Referring noW to the ?gures, FIG. 1 is a schematic 
vieW of an exemplary steam Washing machine 10. The 
Washing machine 10 comprises a cabinet 12 that houses a 
stationary tub 14. A rotatable drum 16 mounted Within the 
tub 14 de?nes a fabric treatment chamber and includes a 
plurality of perforations 18, and liquid can ?oW betWeen the 
tub 14 and the drum 16 through the perforations 18. The 
drum 16 further comprises a plurality of ba?les 20 disposed 
on an inner surface of the drum 16 to lift fabric items 
contained in the drum 16 While the drum 16 rotates, as is 
Well knoWn in the Washing machine art. A motor 22 coupled 
to the drum 16 through a belt 24 rotates the drum 16. Both 
the tub 14 and the drum 16 can be selectively closed by a 
door 26. 
[0034] Washing machines are typically categoriZed as 
either a vertical axis Washing machine or a horiZontal axis 
Washing machine. As used herein, the “vertical axis” Wash 
ing machine refers to a Washing machine comprising a 
rotatable drum, perforate or imperforate, that holds fabric 
items and a fabric moving element, such as an agitator, 
impeller, nutator, and the like, that induces movement of the 
fabric items to impart mechanical energy to the fabric 
articles for cleaning action. In some vertical axis Washing 
machines, the drum rotates about a vertical axis generally 
perpendicular to a surface that supports the Washing 
machine. HoWever, the rotational axis need not be vertical. 
The drum can rotate about an axis inclined relative to the 
vertical axis. As used herein, the “horizontal axis” Washing 
machine refers to a Washing machine having a rotatable 
drum, perforated or imperforate, that holds fabric items and 
Washes the fabric items by the fabric items rubbing against 
one another as the drum rotates. In horiZontal axis Washing 
machines, the clothes are lifted by the rotating drum and 
then fall in response to gravity to form a tumbling action that 
imparts the mechanical energy to the fabric articles. In some 
horiZontal axis Washing machines, the drum rotates about a 
horiZontal axis generally parallel to a surface that supports 
the Washing machine. HoWever, the rotational axis need not 
be horiZontal. The drum can rotate about an axis inclined 
relative to the horiZontal axis. Vertical axis and horiZontal 
axis machines are best differentiated by the manner in Which 
they impart mechanical energy to the fabric articles. The 
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illustrated exemplary Washing machine of FIG. 1 is a 
horiZontal axis Washing machine. 
[0035] The motor 22 can rotate the drum 16 at various 
speeds in opposite rotational directions. In particular, the 
motor 22 can rotate the drum 16 at tumbling speeds Wherein 
the fabric items in the drum 16 rotate With the drum 16 from 
a loWest location of the drum 16 toWards a highest location 
of the drum 16, but fall back to the loWest location of the 
drum 16 before reaching the highest location of the drum 16. 
The rotation of the fabric items With the drum 16 can be 
facilitated by the bal?es 20. Alternatively, the motor 22 can 
rotate the drum 16 at spin speeds Wherein the fabric items 
rotate With the drum 16 Without falling. 

[0036] The Washing machine 10 of FIG. 1 further com 
prises a liquid supply and recirculation system. Liquid, such 
as Water, can be supplied to the Washing machine 10 from a 
household Water supply through a liquid inlet 28. A ?rst 
supply conduit 30 ?uidly couples the liquid inlet 28 to a 
detergent dispenser 32. A ?rst inlet valve 34 controls ?oW of 
the liquid from the liquid inlet 28 and through the ?rst 
supply conduit 30 to the detergent dispenser 32. The ?rst 
inlet valve 34 can be positioned in any suitable location 
betWeen the liquid inlet 28 and the detergent dispenser 32. 
A liquid conduit 36 ?uidly couples the detergent dispenser 
32 With the tub 14. The liquid conduit 36 can couple With the 
tub 14 at any suitable location on the tub 14 and is shoWn as 
being coupled to a front Wall of the tub 14 in FIG. 1 for 
exemplary purposes. The liquid that ?oWs from the deter 
gent dispenser 32 through the liquid conduit 36 to the tub 14 
enters a space betWeen the tub 14 and the drum 16 and ?oWs 
by gravity to a sump 38 formed in part by a loWer portion 
40 of the tub 14. The sump 38 is also formed by a sump 
conduit 42 that ?uidly couples the loWer portion 40 of the 
tub 14 to a pump 44. The pump 44 can direct ?uid to a drain 
conduit 46, Which drains the liquid from the Washing 
machine 10, or to a recirculation conduit 48, Which termi 
nates at a recirculation inlet 50. The recirculation inlet 50 
directs the liquid from the recirculation conduit 48 into the 
drum 16. The recirculation inlet 50 can introduce the liquid 
into the drum 16 in any suitable manner, such as by spraying, 
dripping, or providing a steady ?oW of the liquid. 
[0037] The exemplary Washing machine 10 further 
includes a steam generation system. The steam generation 
system comprises a steam generator 60 that receives liquid 
from the liquid inlet 28 through a second supply conduit 62. 
A second inlet valve 64 controls ?oW of the liquid from the 
liquid inlet 28 and through the second supply conduit 62 to 
the steam generator 60. The second inlet valve 64 can be 
positioned in any suitable location betWeen the liquid inlet 
28 and the steam generator 60. A steam conduit 66 ?uidly 
couples the steam generator 60 to a steam inlet 68, Which 
introduces steam into the tub 14. The steam inlet 68 can 
couple With the tub 14 at any suitable location on the tub 14 
and is shoWn as being coupled to a rear Wall of the tub 14 
in FIG. 1 for exemplary purposes. According to one embodi 
ment of the invention, the steam inlet 68 is positioned at a 
height higher than a level corresponding to a maximum level 
of the liquid in the tub 14 to prevent back?oW of the liquid 
into the steam conduit 66. The steam that enters the tub 14 
through the steam inlet 68 subsequently enters the drum 16 
through the perforations 18. Alternatively, the steam inlet 68 
can be con?gured to introduce the steam directly into the 
drum 16. The steam inlet 68 can introduce the steam into the 
tub 14 in any suitable manner. The Washing machine 10 can 
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further include an exhaust conduit that directs steam that 
leaves the tub 14 externally of the Washing machine 10. The 
exhaust conduit can be con?gured to exhaust the steam 
directly to the exterior of the Washing machine 10. Alterna 
tively, the exhaust conduit can be con?gured to direct the 
steam through a condenser prior to leaving the Washing 
machine 10. 
[0038] The steam generator 60 can be any type of device 
that converts the liquid to steam. For example, the steam 
generator 60 can be a tank-type steam generator that stores 
a volume of liquid and heats the volume of liquid to convert 
the liquid to steam. Alternatively, the steam generator 60 can 
be an in-line steam generator that converts the liquid to 
steam as the liquid ?oWs through the steam generator 60. 
The steam generator 60 can produce pressurized or non 
pressuriZed steam. 
[0039] In addition to producing steam, the steam generator 
60, Whether an in-line steam generator, a tank-type steam 
generator, or any other type of steam generator, can heat 
Water to a temperature beloW a steam transformation tem 
perature, Whereby the steam generator 60 produces hot 
Water. The hot Water can be delivered to the tub 14 and/or 
drum 16 from the steam generator 60. The hot Water can be 
used alone or can optionally mix With cold Water in the tub 
14 and/ or drum 16. Using the steam generator to produce hot 
Water can be useful When the steam generator 60 couples 
only With a cold Water source at the liquid inlet 28. 
[0040] FIG. 2 is a schematic vieW of an exemplary in-line 
steam generator 60 for use With the Washing machine 10. 
The steam generator 60 comprises a housing or main body 
70 in the form of a generally cylindrical tube. The main body 
70 has an inside surface 72 that de?nes a steam generation 
chamber 74. The steam generation chamber 74 is ?uidly 
coupled to the second supply conduit 62 such that ?uid from 
the second supply conduit 62 can ?oW through the second 
inlet valve 64 and can enter the steam generation chamber 
74. The second inlet valve 64 can be con?gured to supply the 
?uid to the steam generator 60 in any suitable manner. For 
example, the ?uid can be supplied in a continuous manner 
or according to a duty cycle Where the ?uid is supplied for 
discrete periods of time When the second inlet valve 64 is 
open separated by discrete periods of time When the second 
inlet valve 64 is closed. Thus, for the duty cycle, the periods 
of time When the ?uid can ?oW through the second inlet 
valve 64 alternate With the periods of time When the ?uid 
cannot ?oW through the second inlet valve 64. The steam 
generation chamber 74 is also ?uidly coupled to the steam 
conduit 66 such that steam generated in the steam generation 
chamber 74 can ?oW into the steam conduit 66. The ?oW of 
?uid into and steam out of the steam generation chamber 74 
is represented by arroWs A in FIG. 2. 
[0041] The steam generator 60 can be coupled to the steam 
conduit 66 in any suitable manner. In the illustrated embodi 
ment of FIG. 2, the steam generator main body 70 joins With 
the steam conduit 66 in a generally horiZontal manner. As an 
alternative, the steam generator 60 can be con?gured With an 
ascending outlet coupled to the steam conduit 66 to prevent 
Water beloW a certain volume in the steam generation 
chamber 74 from ?oWing into the steam conduit 66, or the 
steam generator 60 can have a vertically oriented outlet or 
can be vertically oriented to achieve the same effect. 

[0042] The steam generator 60 further comprises a heater 
body 76 and a heater 78 embedded in the heater body 76. 
The heater body 76 is made of a material capable of 
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conducting heat. For example, the heater body 76 can be 
made of a metal, such as aluminum. The heater body 76 of 
the illustrated embodiment is shoWn as being integrally 
formed With the main body 70, but it is Within the scope of 
the invention for the heater body 76 to be formed as a 
component separate from the main body 70. In the illustrated 
embodiment, the main body 70 can also be made of a heat 
conductive material, such as metal. As a result, heat gener 
ated by the heater 78 can conduct through the heater body 76 
and the main body 70 to heat ?uid in the steam generation 
chamber 74. The heater 78 can be any suitable type of heater, 
such as a resistive heater, con?gured to generate heat. A 
thermal fuse 80 can be positioned in series With the heater 
78 to prevent overheating of the heater 78. Alternatively, the 
heater 78 can be located Within the steam generation cham 
ber 74 or in any other suitable location in the steam 
generator 60. 

[0043] The steam generator 60 further includes a tempera 
ture sensor 82 that can sense a temperature of the steam 

generation chamber 74 or a temperature representative of the 
temperature of the steam generation chamber 74. The tem 
perature sensor 82 of the illustrated embodiment is coupled 
to the heater body 76; hoWever, it is Within the scope of the 
invention to employ temperature sensors in other locations. 
For example, the temperature sensor 82 can be a probe-type 
sensor that extends through the inside surface 72 into the 
steam generation chamber 74. HoWever, it has been found 
that the temperature of the heater body 76 is representative 
of the temperature of the steam generation chamber 74 in 
that there is a relationship betWeen the tWo temperatures. 
The temperature sensor 82, the heater 78, and the second 
inlet valve 64 can be coupled to a controller 84, Which can 
control the operation of heater 78 and the second inlet valve 
64 in response to information received from the temperature 
sensor 82. 

[0044] The liquid supply and recirculation system and the 
steam generator system can differ from the con?guration 
shoWn in FIG. 1, such as by inclusion of other valves, 
conduits, Wash aid dispensers, and the like, to control the 
?oW of liquid and steam through the Washing machine 10 
and for the introduction of more than one type of detergent/ 
Wash aid. For example, a valve can be located in the liquid 
conduit 36, in the recirculation conduit 48, and in the steam 
conduit 66. Furthermore, an additional conduit can be 
included to couple the liquid inlet 28 directly to the tub 14 
or the drum 16 so that the liquid provided to the tub 14 or 
the drum 16 does not have to pass through the detergent 
dispenser 32. Alternatively, the liquid can be provided to the 
tub 14 or the drum 16 through the steam generator 60 rather 
than through the detergent dispenser 32 or the additional 
conduit. As another example, the recirculation conduit 48 
can be coupled to the liquid conduit 36 so that the recircu 
lated liquid enters the tub 14 or the drum 16 at the same 
location Where the liquid from the detergent dispenser 32 
enters the tub 14. 

[0045] The Washing machine 10 can further comprise a 
machine controller coupled to various Working components 
of the Washing machine 10, such as the pump 44, the motor 
22, the ?rst and second inlet valves 34, 64, the detergent 
dispenser 32, and the steam generator 60 to control the 
operation of the Washing machine 10. The machine control 
ler can receive data from the Working components and can 
provide commands, Which can be based on the received 
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data, to the Working components to execute a desired 
operation of the Washing machine 10. 
[0046] The Washing machine of FIG. 1 is provided for 
exemplary purposes only. It is Within the scope of the 
invention to perform the inventive methods on other types of 
Washing machines, examples of Which are disclosed in: our 
Docket Number US20050365, titled “Method of Operating 
a Washing Machine Using Steam,” our Docket Number 
US20060177, titled “Steam Washing Machine Operation 
Method Having Dual Speed Spin Pre-Wash;” and our 
Docket Number US20060178, titled “Steam Washing 
Machine Operation Method Having Dry Spin Pre-Wash,” all 
?led concurrently hereWith and incorporated herein by ref 
erence in their entirety. 

[0047] Amethod 100 of operating the Washing machine 10 
according to one embodiment of the invention is illustrated 
in the How chart of FIG. 3. In general, the method 100 
comprises a steam generation step 102 and a steam generator 
cleaning step 104. The steam generator cleaning step 104 
can occur immediately folloWing the steam generation step 
102, or the steam generator cleaning step 104 can occur at 
any other suitable time, such as at any time folloWing the 
completion of the steam generation step 102 or indepen 
dently of the steam generation step 102 (i.e., the steam 
generation step 102 is not necessary for execution of the 
steam generator cleaning step 104). 
[0048] During the steam generation step 102, the steam 
generator 60 receives Water and converts the Water to steam, 
Which is introduced into the tub 14 and/or drum 16. The 
steam generation step 102 can proceed in any suitable 
manner to accomplish the conversion of Water to steam. An 
exemplary execution of the steam generation step 102, 
Which can be employed With the steam generator 60 shoWn 
in FIG. 2 or any other suitable steam generator, is presented 
in the How chart of FIG. 4. 

[0049] Referring noW to FIG. 4, the exemplary execution 
of the steam generation step 102 begins by introducing Water 
into the steam generator 60 to ?ll the steam generation 
chamber 74 in step 110. The ?lling of the steam generation 
chamber 74 can be accomplished by opening the second 
supply valve 64 for a continuous How of Water through the 
second supply conduit 62 to the steam generation chamber 
74. In the illustrated embodiment of the steam generator 60 
in FIGS. 1 and 2, any Water over?owing from the steam 
generation chamber 74 ?oWs through the steam conduit 66 
to the tub 14, Where the Water can ?oW directly to the sump 
38 Without entering the drum 16. Alternatively, the steam 
generator 60 can include an outlet valve that prevents the 
Water from ?oWing out of the steam generation chamber 74. 
In the step 110, the Water can be introduced until the steam 
generation chamber 74 is sufficiently full, Which can be 
determined, for example, by a Water level sensor in the 
steam generator 60 or by introducing the Water for a pre 
determined period of time. For example, for a Water ?oW 
rate of about 30 g/min achieved With about a 0.25 liter per 
minute ?oW rate for the second inlet valve 64 and a 1300 
Watt steam generator With a volume of less than about 125 
cc, a suitable predetermined period of time can be about 30 
seconds. “Suf?ciently full” need not correspond to com 
pletely ?lling the steam generation chamber 74 With Water; 
rather, the steam generation chamber 74 can be ?lled With a 
volume equal to or less than an internal volume of the steam 
generation chamber 74. 
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[0050] After the steam generation chamber 74 is suffi 
ciently ?lled With Water, the introduction of Water ceases, 
and the heater 78 is turned on in step 112 to heat the Water 
in the steam generation chamber 74. Waiting to turn the 
heater 78 on until the steam generation chamber 74 is 
sufficiently full ensures that there is enough Water in the 
steam generation chamber 74 to prevent damage to the 
heater. HoWever, it is Within the scope of the invention to 
turn the heater 78 on While the Water is being introduced in 
the step 110. The temperature sensor 82 monitors the tem 
perature of the steam generation chamber 74, and the 
controller 84 evaluates Whether the temperature of the steam 
generation chamber 74 has reached a steam generation 
temperature in step 114. The steam generation temperature 
depends on environmental conditions, such as the pressure 
of the environment. For example, for an atmospheric pres 
sure of about 1 atm (760 mm Hg), the steam generation 
temperature is about 100° C. If the temperature of the steam 
generation chamber 74 has not yet reached the steam gen 
eration temperature, then the steam generation step 102 
continues With the step 112 of heating the Water in the steam 
generation chamber 74. 
[0051] Conversely, if the temperature of the steam gen 
eration chamber 74 has reached the steam generation tem 
perature, then the Water converts to steam, and the steam 
generation step 102 proceeds to step 116 of introducing 
Water into the steam generation chamber 74 to replenish the 
Water converting to steam and leaving the steam generation 
chamber 74 for introduction into the tub 14 and/or the drum 
16. With the illustrated embodiment of the steam generator 
60 in FIGS. 1 and 2, the introducing of the Water can be 
accomplished by operating the second supply valve 64 
according to a duty cycle set by the controller 84 in step 118 
prior to the introduction of the Water in the step 116. The 
duty cycle can be selected to ensure that a sufficient amount 
of Water is present in the steam generation chamber 74 to 
prevent overheating of the steam generation chamber 74. 
[0052] An exemplary duty cycle for the above example of 
a 0.25 liter per minute valve ?oW rate and 1300 Watt steam 
generator comprises an “on” period (i.e., the second supply 
valve 64 is open) of about 1 second that alternates With an 
“o?‘” period (i.e., the second supply valve 64 is closed) of 
about 9 seconds to achieve an average Water dosing of about 
30 g/min. The step 116 of setting the valve duty cycle is 
shoWn in a box having dashed lines because this step can be 
eliminated or altered depending, for example, on the type 
and number of valves controlling the introduction of Water 
into the steam generation chamber 74. 

[0053] While the Water is introduced into the steam gen 
eration chamber 74 and converted to steam, the temperature 
sensor 82 monitors the temperature of the steam generation 
chamber 74, and the controller 84 evaluates Whether the 
temperature of the steam generation chamber 74 has reached 
an overheat temperature in step 120. The overheat tempera 
ture is a predetermined temperature su?iciently high to 
potentially damage the heater 78 and the steam generator 60. 
As an example, the overheat temperature can be about 200° 
C. If the temperature of the steam generation chamber 74 
reaches or exceeds the overheat temperature, then an over 
heat protection step 130, Which is described beloW, can be 
executed. If the temperature remains beloW the overheat 
temperature, then the introduction of Water and generation of 
steam continues until the steam generation step 102 is 
complete. The completion of the steam generation step 102 
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is evaluated in step 122. For example, the steam generation 
step 102 can be considered complete after a predetermined 
period of time has elapsed or once the fabric in the drum 16 
reaches a predetermined temperature. If the steam genera 
tion step 102 is complete, the method 100 proceeds to the 
steam generator cleaning step 104. 
[0054] The overheat protection step 130 reduces the tem 
perature of the steam generation chamber 74 and thereby 
prevents damage to the steam generator 60, particularly the 
heater 78. An exemplary execution of the overheat protec 
tion step 130 is provided in the How chart of FIG. 5. The 
exemplary execution of the overheat protection step 130 
begins With turning off the heater in step 132 and introducing 
Water into the steam generation chamber 74 in step 134. The 
introducing of the Water can be accomplished by opening the 
second supply valve 64 to provide a continuous How of 
Water through the steam generation chamber 74. The tem 
perature of the steam generation chamber 74 decreases 
because of heat transfer to the Water ?oWing through the 
steam generation chamber 74. 
[0055] The temperature sensor 82 monitors the tempera 
ture of the steam generation chamber 74, and the controller 
84 evaluates Whether the temperature of the steam genera 
tion chamber 74 has decreased suf?ciently in step 136. The 
amount of temperature decrease corresponds to a safe oper 
ating temperature for the steam generator 60 and can depend 
on the type and siZe of the steam generator 60. The intro 
duction of Water continues in the step 134 until it is has been 
determined in the step 136 that the temperature decrease is 
sufficient. If a predetermined time has elapsed Without a 
sufficient decrease in temperature, the steam generator 60 
can cease operation, and an alert can be communicated to the 
user. OtherWise, after the temperature has suf?ciently 
decreased, the overheat protection step 130 continues by 
turning off the heater 78 in step 138 and returning to the 
steam generation step 102, such as to the step 116 of 
introducing Water during steam generation. 
[0056] Prior to returning to the steam generation step 102, 
the overheat protection step 130 can include a step 140 of 
resetting the duty cycle of the second supply valve 64. The 
duty cycle can be reset so that a larger amount of Water is 
provided to the steam generation chamber 74 in a given time 
period to thereby avoid overheating the steam generator 60 
due to excessive reduction of the Water in the steam gen 
eration chamber 74. For example, the above exemplary duty 
cycle can be reset by increasing the “on” period by 0.25 
seconds and reducing the “o?” period by 0.25 seconds to 
result in an “on” period of about 1.25 second that alternates 
With an “o?” period of about 8.75 seconds. The step 140 of 
setting the valve duty cycle is shoWn in a box having dashed 
lines because this step can be eliminated or altered depend 
ing on, for example, the type and number of valves control 
ling the introduction of Water into the steam generation 
chamber 74. 

[0057] During the steam generator cleaning step 104, 
Water is introduced into the steam generation chamber 74 to 
remove scale and/or sludge formed in the steam generation 
chamber 74. Introducing the Water into the steam generation 
chamber 74 can also replace Water already present in the 
steam generation chamber 74 With fresh Water. The Water 
already present in the steam generation chamber 74 has a 
relatively high content of soluble minerals due to the heating 
of the Water in the steam generation step 102, and replacing 
the Water already present in the steam generation chamber 
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74 With the fresh Water, Which has a relatively loW content 
of soluble minerals, reduces the likelihood of scale and/or 
sludge formation. The introduction of Water can optionally 
be preceded by a heating of the steam generation chamber 
74, Which heats the scale formed along the inside surface 72 
of the steam generation chamber 74. The introduction of the 
Water after the heating of the steam generation chamber 74 
quickly cools the heated steam generation chamber 74 and 
thermally shocks the scale. The thermal shock can cause the 
scale to delaminate from the inside surface 72, and the Water 
can rinse the loose scale out of the steam generator 60. The 
steam generator cleaning step 104 can proceed in any 
suitable manner to accomplish the cleaning of the steam 
generation chamber 74. Exemplary executions of the steam 
generator cleaning step 104, Which can be employed With 
the steam generator 60 shoWn in FIG. 2 or any other suitable 
steam generator, are presented in the How charts of FIGS. 6 
and 7. The exemplary execution of FIG. 6 comprises the 
introduction of the Water, While the exemplary execution of 
FIG. 7 adds the thermal shock before the introduction of 
Water. The exemplary executions assume that the steam 
generator cleaning step 104 immediately folloWs the steam 
generation step 102; hoWever, as explained above, it is not 
necessary for the steam generation step 102 to immediately 
precede the steam generator cleaning step 104. 
[0058] Referring noW to FIG. 6, a ?rst exemplary execu 
tion of the steam generator cleaning step 104A begins With 
turning off the heater 150 in step 150 and introducing Water 
into the steam generation chamber 74 in step 152. The How 
of Water through the steam generation chamber 74 rinses 
scale and sludge formed in the steam generation chamber 74 
When the Water Was heated during the steam generation step 
102. The Water can be introduced into the steam generation 
chamber 74 in any suitable manner. For example, the steam 
generation chamber 74 can be ?ushed With the Water, 
Whereby a volume of Water greater than an internal volume 
of the steam generation chamber 74 is introduced. To 
accomplish the ?ushing, the second supply valve 64 can be 
opened to provide a continuous How of Water into the steam 
generator 60. As a result, the introduced Water forces Water 
remaining in the steam generator 60 after the steam genera 
tion step 102 to How out of the steam generation chamber 74 
and carry the scale and sludge out of the steam generation 
chamber 74. In the illustrated embodiment of FIGS. 1 and 2, 
the Water, along With the scale and the sludge, ?oWs through 
the steam conduit 66 and into the tub 14. Because the steam 
conduit 66 couples With the tub 14 at a rear portion of the tub 
14, the Water, along With the scale and the sludge, ?oWs to 
the sump 38 Without entering the drum 16. The rear portion 
of the drum 16 shields the fabric treatment chamber from the 
Water, scale, and sludge mixture. Once in the sump 38, the 
Water, along With the scale and sludge, can exit the Washing 
machine 10 via the pump 44 and the drain conduit 46. 
Consequently, the Water, scale, and sludge, does not contact 
fabric items in the drum 16 When ?oWing from the steam 
generator 60 to the sump 38, and the steam generator 
cleaning step 104 can be performed at any time, even When 
fabric items are present in the drum 16. Furthermore, if the 
steam generator 60 is positioned above the connection 
betWeen the steam conduit 66 and the tub 14, then the Water 
can How to the tub 14 by gravity. Such is the case in the 
illustrated embodiment as the steam generator 60 is posi 
tioned above the tub 14. 
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[0059] In step 154, the controller 84 determines Whether 
the steam generator cleaning step 104A is complete. The 
determination of Whether the steam generator cleaning step 
104A is complete can be made in any suitable manner. For 
example, the steam generator cleaning step 104A can be 
considered complete after a predetermined period of time 
has elapsed, or, alternatively, after the temperature of the 
steam generation chamber 74, as sensed by the temperature 
sensor 82, has been reduced to a predetermined temperature, 
such as ambient temperature. The method 100 ends When it 
has been determined that the steam generation step 104A is 
complete. 
[0060] Referring noW to FIG. 7, a second exemplary 
execution of the steam generator cleaning step 104B begins 
With stopping the introduction of Water in step 160. Assum 
ing that the second exemplary execution of the steam 
generator cleaning step 104B occurs at the end of the steam 
generating step 102, the heater 78 is active. If the heater 78 
is not active, then the heater 78 is turned on to heat the steam 
generation chamber 74. As the temperature of the steam 
generation chamber 74 increases, Water remaining in the 
steam generation chamber 74 from the steam generation step 
102 evaporates, and eventually the steam generation cham 
ber 74 contains no Water. The heater 78 remains active until 
the temperature of the steam generation chamber 74, as 
determined by the temperature sensor 82, becomes equal to 
or greater than a predetermined temperature greater than the 
steam generation temperature. An exemplary predetermined 
temperature is about 200° C. When the steam generation 
chamber 74 reaches the predetermined temperature, the 
heater 78 is turned off in step 162. The portion of the second 
exemplary execution of the steam generator cleaning step 
104B described thus far can be considered a heating portion 
of the steam generation cleaning step 104B. 
[0061] The remaining portion of the steam generator 
cleaning step 104B can be considered a cooling portion and 
comprises step 164 of introducing Water into the steam 
generation chamber 74 and step 166 of determining Whether 
the steam generator cleaning step 104B is complete. The 
steps 164, 166 are essentially identical to the steps 152, 154 
described above for the ?rst exemplary execution of the 
steam generator cleaning step 104A. According to one 
embodiment of the invention, the Water introduced in the 
step 164 is cold Water so that a signi?cant temperature 
differential exists betWeen the temperature of the Water and 
the temperature of the steam generation chamber 74. For 
example, the cold Water can be the cold Water source of a 
household Water source, Which typically has a cold Water 
source and a Warm or hot Water source. As a result of the 

temperature differential, the cold Water thermally shocks the 
heated scale formed on the inside surface 72 of the steam 
generation chamber 74. The scale cracks and delaminates 
from the inside surface 72 and is rinsed by the Water ?oWing 
through the steam generation chamber 74. 
[0062] As stated above, With the illustrated embodiment of 
the Washing machine 10 in FIG. 1, the Water, scale, and 
sludge mixture that leaves the steam generator 60 ?oWs 
through the steam conduit 66 and into the tub 14. Because 
the Water, scale, and sludge mixture enters the tub 14 at a 
location Where the Water, scale, and sludge mixture does not 
enter the drum 16 and, therefore, does not contact fabric 
items in the drum 16, the steam generator cleaning step 104 
can be conducted at any time. For example, in the case 
Where the fabric treatment appliance is the Washing machine 
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10, the steam generator cleaning step 104 can be performed 
at any time during a Wash cycle, including before, during, or 
after a pre-Wash step, a Wash step, a rinse step, and a spin or 
deWater step. When the fabric treatment appliance is another 
type of appliance, the steam generator cleaning step 104 can 
be performed, for example, before, during, or after a revi 
taliZing step, a refreshing step, and a drying step. Optionally, 
the steam generator cleaning step 104 can be executed upon 
input of a manual command by a user or automatically at 
predetermined time intervals, such as Weekly or monthly. 
[0063] The steam generator cleaning step 104 can also be 
considered a draining step because Water remaining in the 
steam generation chamber 74 after the steam generation step 
102 drains out of the steam generation chamber 74 in the 
steam generator cleaning step 104. When considered a 
draining step, the steam generator cleaning step 104 can 
include the step 152, 164 of introducing the Water into the 
steam generation chamber 74, or the Water remaining in the 
steam generation chamber 74 after the steam generation step 
102 can simply be drained from the steam generation 
chamber 74 Without the introduction of Water. In this Way, 
the steam conduit 66 of the illustrated embodiment of FIGS. 
1 and 2 also acts as a drain conduit, Whereby the drain is 
coupled to the tub 14. As stated above With respect to the 
illustrated embodiment of FIG. 1, the Water, along With any 
scale and sludge, drained from the steam generator 60 drains 
into a rear portion of the tub 14 and directly to the sump 38, 
bypassing the drum 16 and the fabric treatment chamber. 
[0064] The steam generator cleaning step 104 can option 
ally include introduction of one or more chemicals to 
facilitate cleaning of the steam generation chamber 74. For 
example, vinegar (i.e., acetic acid) or other acids can be 
employed to help clean, de-scale, and de-calcify the steam 
generation chamber 74. The chemical can be introduced at 
any suitable time, such as during the steps 152, 164 of 
introducing Water during the steam generator cleaning step 
104. 
[0065] The method 100 can be executed With any type of 
steam generator, and the in-line steam generator 60 of FIG. 
2 provides only one example; another exemplary steam 
generator 60A, an in-line steam generator, is illustrated in 
FIG. 8, Wherein components similar to those of the ?rst 
embodiment steam generator 60 are identi?ed With the same 
reference numeral folloWed by the letter “A.” The second 
embodiment steam generator 60A is substantially identical 
to the ?rst embodiment steam generator 60, except that the 
latter receives Water through a second inlet valve assembly 
64A having a plurality of valves rather than the single inlet 
valve 64. 

[0066] The second inlet valve assembly 64A comprises a 
?rst valve 90 and a second valve 92. The ?rst valve 90 
controls the How of Water through a ?rst inlet branch 94 of 
the second supply conduit 62A, and the second valve 92 
controls the How of Water through a second inlet branch 96 
of the second supply conduit 62A. The ?rst and second inlet 
braches 94, 96 join at a Y-connection upstream from the 
steam generation chamber 74A. The How of Water through 
the ?rst valve 90 and the second valve 92 are respectively 
represented by dotted arroWs B and dash-dot-dash arroWs C 
in FIG. 8. The Water ?oW doWnstream of the Y-connection 
and the steam How are represented by solid arroWs D. 

[0067] The ?rst valve 90 has a corresponding ?rst ?oW 
rate, While the second valve 92 has a corresponding second 
?oW rate different than the ?rst ?oW rate. The How rates can 
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be selected based on a desired ?oW rate for di?ferent steps of 
the method 100. For example, the ?rst valve 90 can be used 
for the steam generation step 102 When a relatively loW ?oW 
rate is desired, While the second valve 92 can be used during 
the steam generator cleaning step 104 When a relatively high 
?oW rate is desired, such as for the ?ushing of the steam 
generation chamber 74A. Using a relatively high ?oW rate 
during the steam generator cleaning step 104 can contribute 
to a more effective cleaning of the steam generation chamber 
74A. As the ?oW rate increases, erosion of scale from the 
inside surface 72A of the steam generation chamber 74A can 
increase. As examples, the ?rst ?oW rate can be about 0.25 
liters per minute (LPM), and the second ?oW rate can be 
about 10 LPM. Similar to the second inlet valve 64 of the 
?rst embodiment steam generator 60, the ?rst and second 
valves 90, 92 of the second inlet valve assembly 64A can be 
operated in any suitable manner, such as according to a duty 
cycle or in a continuous mode. 

[0068] FIG. 9 illustrates the Washing machine 10 With a 
third embodiment steam generator 60B, Which is shoWn in 
detail in FIG. 10, that can be used to execute the method 100. 
FIG. 9 is a schematic diagram and only shoWs the cabinet 
12, the tub 14, the drum 16, the steam generator 60B, and 
?uid/steam conduits for the steam generator 60B. The ?uid/ 
steam conduits comprise a Water supply line 170 that 
couples a household Water supply 172 With the steam 
generator 60B, a Water outlet line 174 that ?uidly couples 
the steam generator 60B With the drum 16 for transporting 
Water from the steam generator 60B to the drum 16, a steam 
outlet line 176 that ?uidly couples the steam generator 60B 
With the drum 16 for transporting steam from the steam 
generator 60B to the drum 16, and a drain conduit 178 that 
?uidly couples the steam generator 60B With the tub 14. A 
supply valve 180 in the Water supply line 170 controls the 
?oW of ?uid through the Water supply line 170 to the steam 
generator 60B and can be operated in a manner similar to the 
second supply valve 64 of FIGS. 1 and 2. The supply valve 
180 can optionally be replaced With a valve assembly similar 
to the second supply valve assembly 64A of FIG. 8. The 
Water outlet line 174 and the steam outlet line 176 can 
alternatively be coupled to the tub 14 rather than the drum 
16, and the coupling of the Water outlet line 174 and the 
steam outlet line 176 to the tub 14/drum 16 can be located 
in any position on the tub 14/drum 16. Although not shoWn 
in the ?gures, the Water outlet line 174, the steam outlet line 
176, and the drain conduit 178 can include valves to control 
the ?oW of liquid and steam therethrough. 
[0069] Referring noW to FIG. 10, the steam generator 60B 
is a tank type steam generator comprising a housing or main 
body 70B in the form of a generally rectangular tank. The 
main body 70B has an inside surface 72B that de?nes a 
steam generation chamber 74B. The steam generation cham 
ber 74B is ?uidly coupled to the Water supply line 170 such 
that ?uid from the Water supply line 170 can ?oW through 
the supply valve 180 and can enter the steam generation 
chamber 74B, as indicated by the solid arroWs E entering the 
steam generation chamber 74B in FIG. 10. The steam 
generation chamber 74B is also ?uidly coupled to the Water 
outlet line 174 such that Water from the steam generation 
chamber 74B can ?oW through the Water outlet line 174 to 
the drum 16, as indicated by solid arroWs F leaving the steam 
generation chamber 74B. Similarly, the steam generation 
chamber 74B is ?uidly coupled to the steam outlet line 176 
such that steam from the steam generation chamber 74B can 
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?oW through the steam outlet line 176 to the drum 16, as 
depicted by dotted arroWs G in FIG. 10. Finally, the steam 
generation chamber 74B is ?uidly coupled to the drain 
conduit 178 such that drain Water can ?oW out of the steam 
generation chamber 74B through the drain conduit 178. The 
?oW of drain Water out of the steam generation chamber 74B 
is represented by dash-dot-dash arroWs H in FIG. 10. 

[0070] The steam generator 60B further comprises a 
heater 78B, Which is shoWn as being embedded in the main 
body 70B. It is Within the scope of the invention, hoWever, 
to locate the heater 78B Within the steam generation cham 
ber 74B or in any other suitable location in the steam 
generator 60B. When the heater 78B is embedded in the 
main body 70B, the main body 70B is made of a material 
capable of conducting heat. For example, the main body 70B 
can be made of a metal, such as aluminum. As a result, heat 
generated by the heater 78B can conduct through the main 
body 70B to heat ?uid in the steam generation chamber 74B. 
The heater 78B can be any suitable type of heater, such as 
a resistive heater, con?gured to generate heat. A thermal fuse 
80B can be positioned in series With the heater 78B to 
prevent overheating of the heater 78B. 
[0071] The steam generator 60B further includes a tem 
perature sensor 82B that can sense a temperature of the 
steam generation chamber 74B or a temperature represen 
tative of the temperature of the steam generation chamber 
74B. The temperature sensor 82B of the illustrated embodi 
ment is a probe-type sensor that projects into the steam 
generation chamber 74; hoWever, it is Within the scope of the 
invention to employ temperature sensors in other locations. 
The temperature sensor 82B, the heater 78B, and the supply 
valve 180 can be coupled to a controller 84B, Which can 
control the operation of heater 78B and the supply valve 180 
in response to information received from the temperature 
sensor 82B. 

[0072] The third embodiment steam generator 60B func 
tions similarly to the ?rst and second embodiment steam 
generators 60, 60A, except that the Water and steam can 
leave the steam generation chamber 74B through di?ferent 
conduits rather than only ?oWing out of a single conduit. In 
particular, Water, Which can optionally be heated to form 
Warm or hot Water in the steam generation chamber 74B, 
intended for use in treating fabric can ?oW through the Water 
outlet line 174, and steam intended for use in treating fabric 
can ?oW through the steam outlet line 176. Water not 
intended for use in treating fabric, such as Water remaining 
in the steam generation chamber 74B after the steam gen 
eration step 102 or Water ?oWing through the steam gen 
eration chamber 74B for the steam generator cleaning step 
104, such as to ?ush the steam generation chamber 74B, can 
leave the steam generation chamber 74B through the drain 
conduit 178. In the illustrated embodiment of FIGS. 9 and 
10, the drain Water, along With any scale and the sludge 
removed during the steam generator cleaning step 104, ?oWs 
through the drain conduit 178 and into the tub 14. Because 
the drain conduit 178 couples With the tub 14 at a rear 
portion of the tub 14, the Water, along With the scale and the 
sludge, ?oWs to the sump 38 Without entering the drum 16. 
The rear portion of the drum 16 shields the fabric treatment 
chamber from the Water, scale, and sludge mixture. Conse 
quently, the Water, scale, and sludge, does not contact fabric 
items in the drum 16 When ?oWing from the steam generator 
60B to the sump 38. Furthermore, if the steam generator 60B 
is positioned above the connection betWeen the drain con 






